Liver antioxidant and plasmatic immune responses in juvenile golden grey mullet (Liza aurata) exposed to dispersed crude oil. Aquatic Toxicology, Elsevier, 2011, 101 (1) found, when compared to water-soluble fraction of oil. As it was suggested in other 44 studies, these results highlight that priority must be given to oil slick confinement 45 instead of dispersant application. However, since the same patterns of biomarkers 46 responses were observed for both chemically and mechanically dispersed oil, the results 47 also suggest that dispersant application is no more toxic than the natural dispersion 48 occurring in nearshore areas (e.g. waves). The results of this study must, nevertheless, be 49 interpreted cautiously since other components of nearshore habitats must be considered 50 to establish a framework for dispersant use in nearshore areas. 51 52
homogenates were centrifuged at 10,000 g, 4 °C, for 15 min and the postmitochondrial 241 fractions were used for biochemical assays. Total protein concentrations were determined 242 using the method of (Bradford, 1976 ) with bovine serum albumin (Sigma-Aldrich Chemicals, 243
France) as a standard. Hepatic biomarkers assays including GSH content and activities of 244 EROD, GST, GPx, SOD and CAT were adapted for use in microplate and, after preliminary 245 test using several dilutions, adapted for samples of liver of juvenile golden grey mullet. 246
The EROD activity was measured using the fluorimetric assay developed by Flammarion et 247 al. (1998) . To summarize, 10 µL of a 5g proteins/L diluted sample were added to phosphate 248 buffer containing 8 µM of 7-ethoxyresorufin and 0.5 mM of NADPH. Formed resorufin was 249 quantified by fluorimetric measurement with 530 nm wavelength excitation and 590 nm 250 wavelength emission. Resorufin was used as standard, and results were expressed as nmol 251 resorufin/min/g protein. 252 The GSH (total glutathione) concentration was measured according to Vandeputte et al. 253 (1994) . Briefly, 10 µL of TCA-deproteinized sample were mixed with phosphate buffer 254 containing 0.3 mM NADPH and 1 mM Ellman reagent. The enzymatic reaction was 255 11 monitored spectrophotometrically at 405 nm and the results were expressed in µmol of GSH/g 256 of proteins. 257
The GST activity assay was conducted according to Habig et al. (1974) . Briefly, 10 µL of a 258 0.75 g proteins/L diluted sample were mixed with 1 mM chloro dinitro benzene and 1 mM 259 reduced glutathione. The enzymatic reaction was monitored spectrophotometrically at 340 nm 260 and the results were expressed in U of GST/g of proteins. 261
GPx activity was determined using 15 µL of a 4.5 g proteins/L diluted sample according to 262 the method of Paglia and Valentine, (1967) . Cumene hydroperoxide was used as the substrate 263 and enzymatic activity was assessed at 340 nm. The results were expressed in U of GPx/g of 264 proteins. 265 SOD activity was measured using the assay developed by Paoletti et al. (1986) . Briefly, the 266 inhibition of NADH (350 µM) oxidation by 20 µL of a 0.25 g proteins/L diluted sample was 267 monitored at 340 nm. The results were presented in U of SOD/mg of proteins. 268
CAT activity was monitored using the method previously described by Babo Determination of the alternative pathway of plasma complement activity was carried out by 284 haemolytic assay with rabbit red blood cells (RRC, Biomérieux, France) as described by 285 Yano (1992) and adapted to microtitration plates. Plasma samples, diluted to 1/80 in EGTA-286
Mg-GVB buffer, were added in increasing amounts, from 10 to 100 μL per well. The wells 287
were then filled with EGTA-Mg-GVB buffer to a final volume of 100 μL. Finally, 50 μL of a 288 suspension containing 2% rabbit red blood cells were added to each well. Control values of 289 0% and 100% haemolysis were obtained using 100 μL of EGTA-Mg-GVB buffer and 100 μL 290 of non-decomplemented trout haemolytic serum at 1/50 in ultra pure water respectively. 291
Samples were incubated for 1 hour at 20 °C. The microplates were centrifuged (400 g, 5 min, 292 4 °C, Jouan to that encountered under oil spill situations (for instance, 1 to 100 mg/L of total petroleum 320 hydrocarbons were measured in coastal waters around Shetland during the Braer oil spill, as 321 reported by Lunel,1995) . No oil slick was observed in either the CD or MD exposure media, 322
suggesting that the energy in the experimental system was sufficient to disperse the oil slick. 323
These observations validated the experimental procedure. 324 325 3.1. Total petroleum hydrocarbon (TPH) and polycyclic aromatic hydrocarbon (PAH) 326 concentration in seawater. 327
328
The TPH concentrations of oil were higher in media with dispersant compared to without, and 329 the lowest concentration was observed in the WSF (water soluble fraction of oil) medium, in 330 14 which only dissolved compounds were present in the seawater column. In the CD medium, 331 the TPH concentration ( Table 1) was 39 mg/L at the beginning of the exposure period (T=0 332 h) and 25 mg/L at the end of the exposure period (T=48 h), giving a percentage decrease of 36 333 %. In the MD medium, the TPH concentration was 13 mg/L at the beginning of the exposure 334 period (T=0 h) and 9 mg/L at the end of the exposure period (T=48 h), giving a percentage 335 decrease of 29 %. The TPH concentration could not be determined in the WSF medium since 336 it was too low to be detected using spectrophotometry. 337
According to spectrophotometry as well as gas chromatography coupled with mass 338 spectrometry, petroleum compounds and PAHs were not detected in the D (Dispersant) or C 339 The aim of this study was to accurately simulate operational oil dispersant application and to 400 assess its toxicity. An experimental system providing mixing energy (described in section 401 2.3.1) was necessary for this purpose: to achieve the dispersion of crude oil through 402 operational dispersant application, seawater energy is necessary (Merlin, 2005) . Readers must 403 take into account that the results obtained (and discussed below), through this experimental 404 approach, are available only for a given mixing energy (the mixing energy induces by the 405 waterpump). However, extrapolation of results from the experimental approach to the oil spill 406 operations is possible. Indeed, meteorological conditions during the Braer oil spill (Wind 407 force 7 to 10, Lunel, 1995) were the most propitious to dispersed oil, among most of the 408 meteorological conditions during oil spills. While a dispersion of the whole oil was 409 maintained for more than one week, other oil spills, in offshore areas, exposed an unstable 410 dispersion of oil slick with a rapid decrease of concentration in 2-5 hours (Lessard and 411 Demarco, 2000) . Our experimental approach is situated between these two opposite scenarios 412 (decrease of concentration on a 48 hours period, discussed in 4.1) and thus can be considered 413 as a possible one. Moreover, acccording to CEDRE observations during oil spill response in 414 nearshore area, 4 tide cycles (48h) are sufficient to totally disperse the oil slick, so that no 415 petroleum is present after this period. This suggests that an exposure of 48 h seems to be 416 accurate. 417
The fish were exposed to (i) a chemically dispersed oil (simulating dispersant application), significance decrease in total glutathione in corkwing wrasse (Symphodus melops) exposed to 522 contaminated PAHs sites. The total glutathione content, which corresponds to reduced plus 523 oxidized glutathione (GSH+GSSG), was lower in both conditions (CD and MD), although 524 GST activity did not change. This finding shows that depletion was not due to glutathione 525 conjugation (phase II detoxification) since an increase in GST should be concomitant with 526 conjugation. Nevertheless, it is possible that the decrease in total glutathione was due to 527 inhibition of the GSH synthesis rate by contaminants, as suggested in Canesi et al. (1999) short exposure period of our experiment, this explanation seems to be less accurate. 536
So, although the mechanism is not fully understood, this study shows that total glutathione is 537 depleted, suggesting, for CD and MD exposures, a reduction in the first line cellular defence, 538 since glutathione is involved in several detoxification reactions. Indeed, conjugation of 539 glutathione to contaminants can prevent them from interacting deleteriously with other 540 cellular components, enabling the organism to cope with the contaminated environment 541 (Maracine and Segner, 1998) . 542
Moreover Ringwood and Conners (2000) showed that gonadal depletion of glutathione 543 induces a decrease in reproductive success in oyster. Even if this study was conducted in 544 oyster, this finding suggests that a link between the total glutathione pool and the organism 545 fitness could exist. Since our study demonstrated a depletion of the total glutathione pool in 546 the liver of juveniles golden grey mullets, it would also be interesting to assess the total 547 glutathione in the gonads of adult fish. 548 enzyme activity in the liver of Liza aurata exposed to a PAH (phenanthrene). They found a 571 significant difference in these biomarkers, but the concentrations of phenanthrene were 50 to 572 1300 times higher than in our study. 573 and control fish, for a sum of PAH concentrations that was lower than in our study, but for 588 longer exposure times, suggesting that alteration of haemolytic activity could have been 589 observed after more than 48 h of exposure. 590 591
Conclusion 592 593
Based on fixed wavelength fluorescence analysis of biliary PAH metabolites, the results from 594 this study show higher exposure for dispersed crude oil (CD and MD) than for other types of 595 contaminant exposure. Also, the total glutathione content, described as a first line cellular 596 defence against contaminants, was significantly reduced under dispersed oil exposures. 597
Antioxidant enzymes did not show any responses to the contamination. EROD activity, lipid 598 peroxidation and the haemolytic activity of the complement system also did not respond when 599 fish were exposed to contaminants. 600
These results demonstrate a significant response of biomarkers to chemically dispersed oil, 601 when compared to a non-dispersed oil slick (water-soluble fraction of oil), suggesting that oil 602 slicks must not be dispersed when containment and recovery can be conducted at the oil spill 603 site (low mixing energy of seawater). This finding is in accordance with an important body of 
